of obesity, insulin resistance and other hallmarks of metabolic syndrome (4) . Furthermore, reductions in Bifidobacterium, butyrate-producing bacteria and increases in pro-inflammatory/pathogenic bacteria are always associated with the development of metabolic syndrome in humans (5) . Defining the gut microbiota in elder persons with metabolic syndrome can provide reference for possible therapies that target gut microbiota. However, the composition of gut microbiota in elder patients with metabolic syndrome remains unclear.
To improve the quality of life in elderly persons with metabolic syndrome, drugs that treat cardiovascular diseases may be useful. Among the treatments, Chinese Herbal Formulas (TCMs) can serve as valuable therapeutic strategies and drug discovery resources (6) . TCMs, which are forms of polypharmacy, have been clinically used in China for treatment of many diseases for thousands of years (7) .
Yangyin Tiluo Decoction (YTD) is used to treat cerebral infarction in elders in China. Clinical studies found that YTD could alleviate metabolic syndrome in elderly persons (8) . YTD treatment could also downregulate the expression of tumor necrosis factor α and interleukin 6 in lipopolysaccharide-treated human venous endothelial cells (9) , supporting its function in alleviating cardiovascular diseases. It also suggested that the excess caloric consumption driving the current epidemic of metabolic syndrome may be caused by alterations in host-microbiota interactions (10) . Even though, whether YTD could modulate gut microbiota during treatment of metabolic syndrome is still unknown.
In this study, we conducted a controlled, preand post-treatment comparison trial to define the characteristics of gut microbiota related to metabolic syndrome in elderly persons. Furthermore, the structural alterations of gut microbiota in response to YTD were also investigated. These results provide reference for understanding gut microbiota in elderly persons with metabolic syndrome.
Materials and Methods

Ethics, consent and permissions
The study was approved by the Ethics Committee of Affiliated Hospital of Nanjing University of Traditional Chinese Medicine (No. 2013NL-029-02, registered 19 April 2013), and written informed consent was obtained from each participant before their admission to the protocol.
Study design
The study was a 4-week, pre-and post-treatment comparison trial with healthy controls. Participants were recruited by Geriatrics Department of Jiangsu Province Hospital of Traditional Chinese Medicine from July 2013 to June 2015, during which the samples were collected. The authors had access to information that could identify individual participants during or after data collection.
Patient enrollment was conducted according to inclusion and exclusion criteria. The inclusion criteria were: i) previously diagnosed metabolic syndrome patients; ii) age of 60-89 years; iii) good compliance; iv) signed informed consent. Volunteers who met all four criteria were included as disease group, and those who met ii)-iv) were included as the healthy control group. Exclusion criteria were: i) the etiology was too complex to obtain clear evaluation about the efficiency and safety of the drug; ii) disability and psychiatric disturbance; iii) presence of cancer; iv) history of abdominal operation or intestinal organic lesion; v) allergic persons; vi) treatment with antibiotics, probiotics, antidiarrheal agent, or swelling agent within the past 1 month; vii) unitary or inappropriate diet structure, dietary intake much higher or lower than normal elder persons.
Metabolic syndrome was defined using the 2004 Chinese Diabetes Society criteria, according to the presence of three or more of following aspects: i) overweight and/or obesity: BMI ≥ 25.0 kg/m 2 ; ii) hyperglycemia: fasting plasma glucose ≥ 6.1 mmol/L and/or 2 h plasma glucose ≥ 7.8 mmol/L, or previously diagnosed type 2 diabetes and receiving treatment; iii) systolic blood pressure/diastolic blood pressure ≥ 140/90 mmHg, or previously diagnosed hypertension and receiving treatment; iv) dyslipidemia: fasting plasma triglyceride ≥ 1.7 mmol/L (150mg/dL), and/or fasting plasma HDL-c < 0.9 mmol/L (men) or < 1.0 mmol/L (women) (10) .
Using the screening criteria, 11 healthy elderly people were assigned as the healthy control group, while 12 patients were treated with YTD for four weeks. The information of selected subjects can be found in Table  1 . No missing data were observed for each variable of interest. All the participants were advised to take lowsalt, low-fat diabetic diet, and to avoid taking medication that may affect the gut microbiota, such as prebiotics and probiotics. The variables were included in data analysis to avoid biases. The study size was chosen based on the numbers of patients passing the inclusion criteria and the requirement for statistical analysis. Raw fastq files were demultiplexed, quality-filtered using QIIME version 1.17 (13) with the following criteria: i) The 250 bp reads were truncated at any site receiving an average quality score < 20 over a 10 bp sliding window, discarding the truncated reads that were shorter than 50 bp; ii) exact barcode matching, 2 nucleotide mismatch in primer matching, reads containing ambiguous characters were removed; iii) Only sequences that overlaped longer than 10 bp were assembled according to their overlap sequence. Reads which could not be assembled were discarded. Operational taxonomic units (OTUs) were clustered with a 97% similarity cutoff using UPARSE (version 7.1 http://drive5.com/uparse/) and chimeric sequences were identified and removed using UCHIME. The phylogenetic affiliation of each 16S rRNA gene sequence was analyzed by Ribosomal Database Project Classifier (http://rdp.cme.msu.edu/) against the Silva (SSU123) 16S rRNA database using a confidence threshold of 70% (14) . The rarefaction analysis, alpha diversity, and taxonomic assignment were also analyzed in QIIME. Unweighted Unifrac principal coordinate analysis (PCoA) (15) based on OTUs was performed to provide an overall view of the microbial structures.
Biochemical measurements
During the experiment, nine patients after YTD treatment finished the essential procedures for sampling fasting venous blood. Biochemical measurements of plasma glucose, total cholesterol, triglyceride, lipoprotein (a), low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and uric acid were conducted in the central laboratory of Jiangsu Province Hospital of Traditional Chinese Medicine (Nanjing, China). The biochemical parameters were analyzed using an automatic analyzer (Beckman AU5800; Beckman Coulter, USA). Lipoprotein (a) is a useful indicator in patients with cerebrovascular disease and atherosclerosis.
Statistical analysis
Homogeneity of variance was tested for all measures.
into a ceramic pharmacy pot, and 300 mL cold drinking water was added to soak for 1 hour. After boiling with a raging blaze for 10 min, it was kept boiling for 20 min with small fire. The decoction was filtered into 200 mL bags (part 1) while the decoction was hot. Then another 300 mL cold drinking water was added to the residue, and the boiling process was repeated. The decoction was filtered into another set of 200 mL bags (part 2). Part 1 and 2 were mixed homogeneously, then divided into two equal parts, and each part was taken after meals in the morning and evening respectively for 4 weeks.
Sample collections
For healthy groups, the first feces portion at morning was collected at the beginning of the experiment. For disease group, the first feces portion and fasting venous blood were sampled at the beginning of the experiment (before YTD treatment) and after YTD treatment for 4 weeks. Samples were kept at -80°C before further analysis.
Fecal DNA extraction and pyrosequencing
All fecal samples from healthy and diseased persons were used for fecal DNA extraction, including 11 samples of healthy control, 12 samples of patients before YTD treatment, and 12 samples after YTD treatment. Total genomic DNA in feces were extracted from 0.3 g of sample using bead-beating and phenol-chloroform extraction according to Zoetendal et al. (11) . The quality and concentration of DNA were evaluated using a NanoDrop ND-1000 spectrophotometer (NanoDrop ® Technologies, Wilmington, DE, USA).
Amplification of genomic DNA was performed using barcoded primers that targeted the V3 to V4 regions of the bacterial 16S rRNA gene, with universal bacterial primers (forward 5'-barcode-TAC GGR AGG CAG CAG-3' and reverse 5'-AGG GTA TCT AAT CCT-3'), where barcode is an eight-base sequence unique to each sample. Procedures of amplification, amplicon purification, sequencing, and basic analysis were conducted according to previous study (12) . Purified amplicons were pooled in equimolar and paired-end sequenced (2 × 250) on an Illumina MiSeq platform according to standard protocols. The raw reads were (18) , limiting the overall false discovery rate to 5% (q < 0.05). Adjustments of comparisons for age and gender were performed using analysis of covariance (SPSS verson 20.0; SPSS Inc., Chicago, Illinois).
Correlations between microbial composition with biochemical parameters were further analyzed using Spearman's rho correlation analysis (GraphPad Prism version 6.0, GraphPad Software, San Diego, CA). Correlation was considered significant when the absolute value of Spearman's rank correlation coefficient (Spearman's rho) was above 0.6 and statistically significant (p < 0.05).
Results
Summary of pyrosequencing data
In total 1,281,404 qualified bacterial 16S rRNA gene reads were obtained from 35 fecal samples (36,611 reads per sample) after pyrosequencing and used for subsequent analysis. The rarefaction analysis including all samples revealed a curve approaching saturation ( Figure S1 , http://www.ddtjournal.com/action/ getSupplementalData.php?ID=25), indicating that the measurement at the threshold level covers almost the full extent of the microbial diversity. The abundancebased coverage was higher than 0.99 for all three groups (Table S1 
High inter-individual variation of the elder gut microbiota
OTU-based unweighted principal coordinates analysis showed that the overall structures were not significantly different between groups (p > 0.05). We noted the scattered distribution of different samples in healthy elderly persons ( Figure 1A) . Taxonomy-based analysis showed that the relative abundance of Bacteroidetes ranged from 0.27% to 50.9% and that the relative abundance of Actinobacteria ranged from 0.44% to 31.4%, which indicated a high inter-individual variation of gut microbiota in elderly persons ( Figure 1B) .
The unweighted PCoA showed that the response to YTD treatment varied between patients. Sample IDs 2, 6, 7, and 10 showed a huge shift in microbial composition while others showed a slight shift ( Figure  1A) , suggesting an individual-specific response to YTD treatment.
Firmicutes-and Actinobacteria-dominant gut microbiota in the elder cohort
At the phylum level, a total of 14 phyla were observed. In the cohort, Firmicutes was the most dominant phylum with an average abundance range from 52.3% to 72.8% (Figure 2A ). In patients before and after YTD treatment, Actinobacteria was also dominant, which contributed 22.2% and 22.4% of gut microbiota before or after YTD treatment respectively. Bacteroidetes constituted the next dominant phylum with the average abundance range from 11.1% to 13.5%. The Firmicutesand Actinobacteria-dominant microbiota were also apparent at the genus level, as reflected by the dominant genus Ruminococcaceae Incertae Sedis, Ruminococcus, Bifidobacterium, and Collinsella ( Figure 2B ). When comparing the microbial composition between studies ( Figure 2C ), the dominant phylum was Firmicutes (average abundance 57%) followed by Bacteroidetes (average abundance 42%) in an Irish cohort (19) , which was quite different from the healthy control group and patient group in the present study.
Characteristics of fecal microbiota in elder patients with metabolic syndrome
By using LEfSe analysis, a total of 24 microbial features were found to be different between healthy controls and elderly patients with metabolic syndrome before YTD treatment, with nine enriched in metabolic syndrome patients and 15 enriched in healthy controls (Figure 3) . The fecal microbiota of untreated metabolic syndrome patients exhibited a relative abundance of Actinobacteria (Bifidobacteriaceae, Bifidobacterium, Bifidobacteriaceae Incertae Sedis), Lactobacillaceae (Lactobacillus), and Megasphaera compared to healthy controls. Interestingly, the relative abundance of Lactobacillus was increased by 187-fold in untreated metabolic syndrome patients (3.28%) compared to untreated metabolic syndrome patients (0.018%). On the contrary, metabolic syndrome patients had a lower abundance of phylum Firmicutes, families Erysipelotrichaceae, Clostridiaceae, and Turicibacteraceae, genus 
Effects of YTD treatment on gut microbiota and biochemical parameters
Compared with the untreated patients, YTD treatment increased the relative abundance of Moraxellaceae, Acinetobacter, species Acinetobacter Incertae Sedis and Erysipelotrichaceae Incertae Sedis, while it decreased the relative abunance of Alphaproteobacteria, Rhizobiales, genus Bacteroidales Incertae Sedis, and species Enterobacteriaceae Incertae Sedis (p < 0.05, Figure 4A ). The abundance of species Acinetobacter Incertae Sedis and Erysipelotrichaceae Incertae Sedis was increased by 18.9-fold and 86.7 fold, respectively. The abundance of genus Bacteroidales Incertae Sedis and species Enterobacteriaceae Incertae Sedis were decreased by 21.5-fold and 2.47-fold, respectively.
Analysis of plasma parameters indicated that YTD treatment reduced the concentrations of lipoprotein (a) (p < 0.05, Figure 4B , Table 2 ), while it did not affect the concentrations of glucose, cholesterol, triglyceride, low-density lipoprotein cholesterol, highdensity lipoprotein cholesterol, and uric acid (p > 0.05, Table 2 ). Correlation analysis identified the significant negative correlation between the concentrations of lipoprotein (a) with species Acinetobacter Incertae Sedis ( Figure 4C ).
Discussion
Changes in gut microbiota have been associated with the presence of metabolic syndrome. In the present study, by analyzing microbiota composition in a Chinese elderly population, we found that Chinese Herbal Formula YTD altered microbial composition and decreased metabolic markers of cerebrovascular disease in metabolic syndrome patients. These results are of great significance for targeting gut microbiota to improve health in elderly persons.
Characteristics of gut microbiota in the Chinese elderly populations: inter-individual variability
Employing the Chinese elderly population, we clearly showed high inter-individual variability of gut microbiota between subjects. These features have also been found in healthy Irish elderly populations (19) or hospitalized Italian elderly populations (20) . Multiple factors, such as diet, physiological condition, and age, can increase the inter-individual variability of gut microbiota. Accompanying the individualized microbiota observed, the response of gut microbiota to YTD treatment was also individual-specific. It cannot be determined which factor contributes to the outcome. However, this 
Table 2. Plasma biochemical parameters in elder patients
Items Glucose (mmol/L) Cholesterol (mmol/L) Triglyceride (mmol/L) Lipoprotein (a) (mg/L) Low-density lipoprotein cholesterol (mmol/L) High-density lipoprotein cholesterol (mmol/L) Uric acid (μmol/L)
Increase of lactic acid bacteria and decrease of butyrate-producing bacteria in elderly patients with metabolic syndrome
A novel finding of the present study was that the elderly patients with metabolic syndrome had higher proportions of Lactobacillus and Bifidobacterium, and lower proportions of butyrate-producing bacteria than healthy controls. Lactobacillus and Bifidobacterium are generally considered to be health-promoting, and some species are widely used as probiotics (21) . The abundances of Lactobacillus were also increased in type 2 diabetic patients (60 ± 8 years old) compared with healthy controls (40 ± 8 years old) in a South China population (22) . An increase in Lactobacillus and a decrease in butyrate-producing bacteria have been also observed in type 2 diabetes patients (23, 24) , inflammatory bowel disease patients (25) , and highfat diet-induced fatty liver mice (26) . Interestingly, both diabetes and inflammatory bowel disease patients had an elevated pro-inflammation response in vivo. In elderly persons, the predisposition to pro-inflammation response can be easier in gut due to the aging process (27) . Lactobacillus species, such as Lactobacillus plantarum could induce interleukin 1β production and increase the inflammatory response (28) . A previous study suggested that in metabolic syndrome patients, an increase in intestinal glucose availability may raise the substrate for Lactobacillus (23) . Therefore, whether the boost of lactic acid bacteria contributes to the immunological response in the elderly metabolic syndrome is interesting to be studied in the future.
YTD modulated gut microbiota and reduced plasma lipoprotein (a)
YTD also decreased the concentration of lipoprotein (a), a well-established risk factor of cardiovascular disease and atherosclerosis. Decrease of lipoprotein (a) reflected the clinical effect of alleviating metabolic syndrome in elderly persons by YTD. Interestingly, a negative correlation was identified between lipoprotein (a) and an Acinetobacter species, suggesting a possible linkage between gut microbes and biochemical parameters. The metabolic product of Acinetobacter, an endophytic bacteria of Lycium barbarum (a major component of YTD), has antimicrobial activity against Staphylococcus aureus (29) . These results further support the benefit of YTD to alleviate metabolic syndrome.
Which component of YTD causes changes in gut microbiota
Recent studies have found that a considerable number of Chinese herbs can directly or indirectly affect gut microbes. Coincidentally, Polygonatum sibiricum, Rehmannia glutinosa Libosch, Lycium barbarum and Radix puerariae in YTD have been proved to significantly change the intestinal microbial structure of patients with metabolic diseases in multiple studies.
Polygonatum sibiricum contains a variety of beneficial elements, such as polysaccharides, steroidal saponins, anthraquinones, alkaloids, cardiac glycosides, lignin, vitamins and amino acids. Wang YF (30) used the polysaccharide of Polygonatum sibiricum to interfere with the intestinal flora of rats with lipid metabolism disorder. Yun Nan rhizoma polygonati polysaccharide can reverse Firmicutes and Bacteroidetes, reduce the relative abundance of Proteobacteria, Lactobacillus and Psychrobacter, and show favorable effects on the composition of gut microbiota.
One of the main components of Rehmannia glutinosa Libosch is stachyose. Stachyose addition affects gut microbiota of STZ induced diabetic mice (31) . Compared with the normal group, in the stachyose group, Proteobacteria (p < 0.01), but decreased significantly in Firmicutes (p < 0.01) and decreased slightly in Bacteroidetes; the numbers of bacteria significantly decreased in Lactobacillus and Bacteroides (p < 0.01) but significantly increased in Helicobacterium and Mycoplasma (p < 0.05).
The main ingredients of Lycium barbarum are lyceum barbarum polysaccharide, betaine, riboflavin, sterol, rutin and lycium, and various amino acids and trace elements (32) . Liu YT (33) found that low concentration extracts of Fructus Lycii showed promoting effects on Bifidobacterium and Lactobacillus, which was better than that of the high concentration group. However, the promoting effects on enterobacteria and enterococcus were not obvious.
The main active components of Radix Puerariae are pueraria isoflavones, daidzein and puerarin 7-xyloside. Xu J (34) examined the effect and mechanism of Gegen Qinlian decoction (GQD, a traditional Chinese herbal formula containing pueraria as the main component) on the treatment of type 2 diabetes by investigating intestinal flora composition. They found that patients who were given a high dose of GQD could significantly recover their blood sugar levels, as well as the levels of HbA1c. Analysis of gut microbiota composition found that GQD treatment changed the abundance of 47 phylotypes, 17 of which are negatively correlated with blood glucose levels, and 9 that are negatively correlated with HbA1c levels. The study confirmed that GQD could change the intestinal flora by regulating the number of probiotics in the intestinal tract, thus achieving the function of treating type 2 diabetes.
Therefore, we hypothesized that YTD may regulate the gut microbiota through one or more active ingredients of these Chinese herbs or ingredients, thus contributing to the clinical efficacy of alleviating metabolic syndrome.
In conclusion, by analyzing the gut microbiota in elderly persons, a high inter-individual variation in gut microbiota was observed. The Chinese elderly populations employed in this study had a gut microbiota dominated by Firmicutes and Actinobacteria. Our result further highlights the distinct fecal microbiota in elderly patients with metabolic syndrome compared with healthy controls. Metabolic syndrome patients had higher relative abundance of Lactobacillus and Bifidobacterium and lower Anaerostipes and Coprococcus than healthy controls. The Chinese herbal formula Yangyin Tiluo Decoction could reduce the abundance of potentially pathogenic bacteria and lipoprotein (a), which provides an approach to treat elderly patients with metabolic syndrome. Collectively, these findings gain insights into the gut microbiota of elderly patients with metabolic syndrome, and the role of YTD in modulating gut microbiota during metabolic syndrome treatment.
